Supplementary Methods
calculated through the Born-Oppenheimer approximation 1 , and the field distribution on the surface of the sphere in the far-field of the object is found according to the Huygens-Fresnel principle 1 .
To do that, we consider an incident EM (Electro-Magnetic) continuous wave of complex amplitude 0 2 (where is the wavelength and z is the propagation direction of the incident wave), launched onto a 3D object whose structure is described by the scalar function ( ). The 3D object is of typical size D (for complex molecules D~100nm), while the measurements are taken on a sphere of radius measured from the center of the object (see Eq. 2). Typically, R is large enough (tens of mm 2 ) such that the field on the measurements sphere corresponds to the optical farfield (3D Fourier transform, see Eq. 1) of the 3D optical field scattered from the object contained in a volume of ~D 3 . Therefore, the scattered field is (same as Eq. 2 in the paper, but with the appropriate constants and scaling of coordinates):
where, is the coordinate, V is the volume, =̂ is the detector direction , ̂( ) is the 3D Fourier transform of ( ), and =̂−̂ defines the spatial frequencies on the Ewald sphere, where ̂ is a unit vector in the propagation direction.
The approximation used in Eq. 1 is The scattered field ( ) has amplitude and phase, where clearly the phase carries most of the information about the 3D object 3 . In principle, it is possible to measure the actual field, amplitude and phase, through holography, but this adds complication to any physical system, and it is especially problematic in the x-ray regime. For this reason, we consider measurements carried out by simple detectors (or cameras), which measure only the optical intensity -amplitude of the field squared (Eq. 1).
Because the scattered field corresponds to the Fourier transform of the 3D object, the detectors measure the intensity (the amplitude squared) of the Fourier transform on
Ewald's sphere 1 , which is
where the Cartesian coordinates, which correspond to the 3D spatial frequencies,
) are in the Fourier domain, and the angles and are the angles in spherical coordinates relative to the incident wave. In what follows we provide the details of the adjustment made to the HIO algorithm [2] for this purpose.
HIO with a basis of hovering spheres
In this simulation (resulting in Fig. 2b) we use a grid of 9 3 sites, and represent the object with 55 3 voxels (volume pixels), for the sake of sufficient resolution.
Mathematically, the object is represented as = . In order to have enough sampling points (on the Ewald's sphere) we have 155 3 voxels in Fourier space (achieved by padding with zeros, as in [2] ). The HIO algorithm is basically iterating
Fourier transforms back and forth between the object and the Fourier domains. In Later on in the paper, we compare the reconstruction with GESPAR ( Fig. 2c) and with HIO to which the sparsity constraint is added (Fig. 2d ). The GESPAR is described in the previous section, while HIO with the sparsity constraint is simply adding thresholding on the vector in every iteration.
It is worth mentioning the differences between our sparsity-based approach and the HIO with the sparsity constraint. The HIO algorithm, is using all the spatial frequencies in each iteration, whereas in our algorithm we use only frequencies on the Ewald's sphere -where measured values are indeed available. Mathematically, we use the matrix (the base functions in Fourier space on the Ewald's sphere) instead of the matrix which represents the base functions in real space.
Implementation of sparsity-based Ankylography and comparison with other methods

